In the frame of this part of the EUREKA project BASEXPO the relation between the specific absorption rate and the electric field strength is investigated for real life exposure conditions arising next to common RF sources, e.g. mobile communication base stations. The first results show that the deviation of the whole body specific absorption rate for heterogeneous exposure conditions from the plane wave conditions is in most cases below 50 %.
INTRODUCTION
Most of the international guidelines, standards and other related documents dedicated to protect the population against adverse health effects arising from the exposure against electromagnetic fields are based on a concept including two types of limits: basic restrictions and reference levels. Basic restrictions are based on established health effects, in the RF range the specific absorption rate (SAR) is the most relevant basic restriction [1, 2, 3, 4] . Reference levels are mainly provided for practical exposure assessment purposes. Some reference levels are derived from basic restrictions using measurements and both analytical and numerical approaches, e.g. electric and magnetic field strength levels are derived from the specific absorption rate. However, these relations were mainly established based on plane wave exposure conditions and simple phantoms dedicated to mimic the human body. It has to be taken into account that the exposure conditions in the vicinity of fixed installed RF transmitters, e.g. mobile phone base stations, are usually heterogeneous for real life conditions due to multipath propagation, shadowing effects, impact of the environment and under certain circumstances due to the interaction between the human body and the antenna system. The existing scientific body of information on this topic is limited, mainly focuses on reactive near field exposure conditions and is not adequate to draw final conclusions [5] [6] [7] [8] [9] [10] [11] [12] 16] . The aim of this project is therefore the provision of measurement and calculation data to establish a correlation between basic restrictions, incident electromagnetic fields and optimized free space measurement technologies. This correlation is obtained by the simulation of a human body model in homogeneous as well as in scattered field zones. The correlation is based on knowledge gained about incident fields as well as common measurement methods to meet reference levels. Numerically obtained information on the transition of the incident field strength to the induced field strength is validated experimentally. To perform systematic simulations of body induced SAR distributions in human phantoms typical exposure conditions arising in the vicinity of fixed installed RF transmitters have to be investigated. One major problem of such scenarios is the fact that the sources are often located far away from the exposed person and the propagation paths from such sources arrive due to multipath propagation from different directions leading to heterogeneous field distributions. Optical tools are well suited to assess the field distributions for such scenarios taking into account the impact of objects, e.g. buildings and ground. However, optical numerical tools are not suitable for the determination of SAR distribution in phantoms while some numerical tools based on discrete solutions of Maxwell's equations, e.g. the method of the Finite Differences in Time Domain (FDTD) are suitable to determine SAR distributions in human bodies exposed to electromagnetic waves. Due to limitations in available working memory and processing time of existing computer systems there are limitations of the size of the calculation space, i.e. the examined volume. It is therefore usually not possible to simulate areas including electromagnetic sources being far away from the exposed phantom with suitable spatial resolution, e.g. a person being 20 m or more away from a base station. The problem to be solved is therefore to combine the advantages of optical tools and suitable numerical tools solving Maxwell's equations, e.g. FDTD tools. One possibility is to use so called hybrid solutions [13] [14] [15] , one of them was developed in the frame of this project and will be presented in the next chapter. 
Numerical Approach
In the frame of this project the main focus is set on a qualitative description of the incoming waves into the calculation room used within a numerical tool solving In the investigated scenario described in Section 2.2 a receiver grid is calculated with the help of Wireless Insite and the information on a single position in the center of the grid is used for further calculations with SEMCAD. The relevant information are the angles of the received rays (TETA and PHI) describing the orientation of the ray in area receiver position, the intensity of each ray and the propagation time. This body of information is used to define the incoming plane waves in the FDTD platform (SEMCAD). These plane waves are than super positioned to investigate the heterogeneous exposure of the human body model (Visible Human Project).
Both whole SAR and local body SAR are determined. The whole body SAR is normalized to the electric field strength averaged over the volume of the phantom. For each position the whole body SAR is compared to the plane wave exposure case (frontal exposure, vertical polarisation).
Examined Scenario
A typical urban scenario was chosen to investigate multipath exposure conditions (see Figure 3) . (1m, 10m or 21m) and the second the index
The examined scenarios include both Line of Sight (LOS) and Non Line of Sight (NLOS) conditions. Between seven and ten rays propagating from different directions are taken into account. As shown in Figure 1 the different rays are described by the two angles theta and phi, their power and the respective propagation time.
RESULTS
Results of the exposure conditions at 946 MHz are given in Table 1 . The position in the investigated scenario (according to Figure 4 , where the first number indicates the height and the second the index) is given in the first column. In the second column the whole body specific absorption rate at the respective position normalized to the averaged electric field strength at the position of the phantom is specified. It has to be mentioned that the field strength is exactly averaged over the voxels that would compose the phantom in absence of the phantom, therefore the averaged electric field strength corresponds exactly to the whole body SAR. Column 3 gives the deviation of the whole body SAR at a given position from the whole body SAR for frontal plane wave exposure, vertical polarisation. The results demonstrate that in 18 out of 21 cases the whole body SAR differs less than 30 % from the plane wave exposure case. However, the largest deviation from the plane wave case found is 63.85 %. The position P 21-4 is one of the positions located in a height of 21 m above ground, corresponding to a rooftop scenario. The reference level at 946 MHz is 42.29 V/m for the general population, a person exposed to an averaged field level would therefore have a whole body SAR of 0.041 W/kg. This would still be about 50 % below the basic restriction of the whole body SAR of 0.08 W/kg for the general population. The same scenarios were also investigated for 1840 and 2140 MHz (results not shown). The highest whole body SAR found for these frequencies is about 56 % above the plane wave case.
DISCUSSION
This method is an approach and represents a simple way of linking an optical based tool with a numerical tool solving the Maxwell Equations, as only the information of one receiver position (derived with Wireless Insite) is taken to recreate a small region with the help of SEMCAD. Compared to hybrid tools which are mathematically based methods for linking an optical tool with a numerical tool the described method is based on the main directions of incoming rays on a certain position. It has to be pointed out that this methodology is not dedicated to transfer the information on incoming waves from the optical platform to the FDTD platform in a precise way. The purpose of this methodology is to transfer major exposure descriptors for representative exposure conditions in a qualitative way. Preliminary investigations have shown that this requirement can be achieved.
Looking at results obtained so far, the deviation from the plane wave exposure are in most cases moderate. Additional investigations focussing on the effect of polarisation, shadowing effects, impact of the phantom are ongoing in the frame of this project and need to be taken into account before any conclusions can be drawn. In addition the numerical results will be validated by measurements.
